Several recent reviews have been published.'-1 Two intervention clinical studies have shown a pressor effect of alcohol, operative within days of starting ingestion.9 1' Nevertheless, the absence of a proven mechanism for the alcohol-hypertension relationship prevents general acceptance of a causal association. Other problems and inconsistencies in data reported from population studies include disparity in age, sex, race, type of alcoholic beverage, shape of the apparent dose-response curve, and systolic compared with diastolic pressure. We present data from a new study
PATHOPHYSIOLOGY AND NATURAL HISTORY-HYPERTENSION
Alcoholic beverage information. The two sides of a sheet of paper presented different sets of queries for nondrinkers and drinkers. The nondrinkers' side was headed, "If you have taken no alcoholic beverages in the past year, please answer the questions below. If you have taken any alcoholic beverages in the past year, please turn this sheet over." The drinkers' side had the converse heading.
Among the drinkers' questions was this item: "How many alcoholic drinks (wine, beer, whiskey, cocktails) did you usually have during the past year?" The options offered were, in this order, "nine or more per day," "six to eight per day," "three to five per day," "one or two per day," "less than one per day but more than one per month," "less than one per month (special occasions only)." Drinkers were asked separate multiple-choice questions about drinking in the 24 hr and week before examination. They were also asked separate items about use of "wine," "hard liquor," and "beer." Definitions of beverage preference were derived from the wine, liquor, and beer questions.
Drinkers were asked also about drinking in the past year compared with the previous 10 years and about weekend compared with weekday drinking. On the basis of responses to these two questions plus the items about drinking in the past 24 hr, past week, and past year, a drinking variability score was derived for each white man. Variability points were not assigned to a man who reported drinking the same amount as usual in the past year as during the past 10 years, the same amount as usual in the past week, and the same amount as usual or only one category different on our six-category scale for weekends, weekdays, and the past 24 hr. Such persons were classified as having low drinking variability; points were assigned for progressive variations on each question, yielding a range of variability scores from 1 to 12.
Nondrinkers were asked, "Did you drink alcohol in the past?" Their options were "yes" or "never or almost never." Those who answered "yes" were asked to indicate the largest amount of daily drinking in the past for any period of 1 year.
Data showing racial patterns and other correlates of drinking in this population have been published. 12 We have discussed in another publication8 the general problems raised by possible inaccurate reporting of alcohol intake in studies of this type. The evidence suggests that in a nonjudgmental situation, such as completing a questionnaire at our examination procedure, people report as much alcohol intake as at personal interviews. Furthermore, the presumed tendency to underreport drinking is far more likely to reduce the apparent strength of any association with alcohol than to artificially produce such an association.
Blood pressure and laboratory tests. Examinees were asked to take no food or drink for at least 4 hr before their appointment time, except for water, black coffee, or tea with no sugar or cream. No specific instructions about smoking were given. At a specific stage in the examination, patients were asked to lie down on their backs and to relax. Blood pressure was then determined with the patient in the supine position by a Roche Arteriosonde Blood Pressure Monitor, Model 1216. Blood chemistry tests were performed with a Technicon SMA 12-6 Multichannel Analyzer from January through May 1978; thereafter, the tests were performed with an American Monitor KDA Automated Blood Chemistry Analyzer.
Data analysis and presentation. Multiple regression analyses, using the SAS General Linear Models (GLM) program, were performed for each race-sex group with systolic and diastolic pressure as dependent variables. Covariables (continuous except where stated) in all analyses were age, Quetelet's adiposity index, highest educational attainment (five categories), marital status (four categories), current cigarette smoking ("yes" or "no"), coffee and tea use (number of cups per day), hemoglobin level, leukocyte count, and six blood chemistry tests (total cholesterol, uric acid, glucose, potassium, calcium, and creatinine). Either adjusted mean blood pressure, computed by the least-squares means option of GLM, or regression coefficients are reported for each analysis. Separate regression analyses were performed on the subsets of persons who fit the definition of those preferring wine, liquor, or beer. Other subsets used for additional analyses included white men who took three or more drinks daily, white male nondrinkers, white men with specific scores of drinking variability, and white men and women whose blood calcium and potassium determinations fell into designated ranges.
Results
Alcohol and blood pressure by race, sex, and age. Among white men ( figure 1 , lower right) showed the least consistent relationship of blood pressure to intake of alcoholic beverages. Like black men, the black women showed a closer association of diastolic than systolic pressure to amount of drinking.
Breakdown of the data by age groups (figure 1) showed that the alcohol-blood pressure relationship was independent of the age subsets chosen, but a slightly stronger relationship was found in the oldest (-60 years of age) persons. Higher adjusted mean blood pressure was found among heavier (three or more drinks per day) drinkers in all race-sex-age subgroups.
Nondrinkers: role of past drinking. There was no racesex group in which those who drank in the past had 3.5EF
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AAlso controlled for marital status and education. BRegression coefficients; represents change in blood pressure independent of all other factors. CR2 = coefficient of multiple determination. which estimates proportion of total variation in blood pressure explained by these factors. (table 3) . Those who preferred wine had the lowest systolic pressure, those who preferred beer had the lowest diastolic pressure, and those who preferred liquor had the highest systolic and diastolic pressure. We did not study size of drink as a possible explanation for these differences.
Blood pressure and drinking in the day or week before examination. In this analysis, we again studied white men who reported their usual intake to be three or more drinks per day in the past year. Among these heavier drinkers, those who reported no intake in the past week had substantially lower adjusted mean blood pressure than men who reported any drinking in the past week (table 4) . Those who reported nine or more drinks in the past 24 hr had higher adjusted mean blood pressure than those who reported consuming lesser amounts of alcoholic beverages. Data omitted from figure for categories with n < 11 (white women age 40 to 59 years, nine or more drinks/day and age > 59 years, six to eight and nine or more drinks/day; black men age > 59 years, six to eight and nine or more drinks/day; black women age 40 to 59 years, nine or more drinks/day and age > 59 years, three to five, six to eight, and nine or more drinks/day).
low variability in usual drinking (similar in past 24 hr, week, year, 10 years; similar weekend and weekday amounts) ( 
subsets, but coffee and tea use had no consistent relationship to diastolic pressure.
Laboratory tests
Calcium. Total serum calcium showed a positive relationship to systolic pressure in all race-sex groups, but, for diastolic pressure, the calcium-blood pressure relationship was significant only in black men (tables 1 and 2). Figure 2 shows the relationship of total calcium to blood pressure in white men (top left) and white women (top right) in a different way, depicting adjusted mean blood pressure at various calcium levels. Among white men, a clear progressive association of higher adjusted mean systolic pressure to the categories chosen was seen throughout the normal calcium range. Among white women, a similar progressive association was present up to the highest calcium category. This calcium-blood pressure progression was weak for diastolic pressure.
Potassium. This blood test showed an inverse relationship to systolic pressure in all race-sex groups and was the only laboratory test to show a consistent inverse association with blood pressure. Analysis of specified potassium categories in relation to adjusted mean blood pressure (figure 2) showed a clear inverse progression in white men (lower left) at all potassium levels and in white women (lower right) up to the highest potassium level. This potassium-blood pressure inverse progression was weak for diastolic pressure.
Other tests. Total cholesterol was positively related to blood pressure in all race-sex groups; in general, this relationship was stronger for systolic pressure. Uric acid was positively related to systolic and diastolic pressure, except in white men, in whom uric acid was inversely related to systolic pressure. Glucose showed a relationship to systolic pressure in all groups, but, except for an inverse relationship in white women, glucose showed little association with diastolic pressure. Creatinine showed no consistent relationship to blood pressure. Hemoglobin showed a definite relationship to systolic and diastolic pressure in white men and women, but, in black men and women, hemoglobin was related to diastolic pressure only. Discussion A direct positive relationship between regular use of alcoholic beverages and higher blood pressure, independent of many potential confounders, has been confirmed by these data. The alcohol-blood pressure relationship in this study was generally similar for systolic cannot resolve the question of a possible threshold for apparent risk of hypertension, i.e., the maximal safe amount of drinking. The threshold question is controversial. Several studies have suggested little or no effect of up to one to two drinks per day on blood pressure.' 1, 16-20 Others have shown a progressive linear association.2' 26 Even if the alcohol-blood pressure association proves to be causal, much individual variation in response will probably be found. A slight increase in blood pressure was found in men reporting as few as one to two drinks daily in this survey. In our previous study,'3 we found an apparent threshold at three to five drinks per day, but our two studies may not be discrepant since all drinking below three drinks per day was included in a single questionnaire category in the earlier survey. As in our earlier survey and several other reports, '5 19 20 women showed a slightly curvilinear alcohol-blood pressure relationship; that is, the lighter drinkers had slightly lower blood pressure than abstainers. In both our studies, the strongest alcohol-blood pressure association was found at reported drinking levels of three to five and six to eight drinks daily. Plateauing or a downturn in the curve for some race-sex subgroups was present at higher drinking levels in both studies. However, in this study, analysis of data about drinking during the day and week before examination showed that white men who took nine or more drinks up to the day of examination showed no plateauing. Thus apparent plateauing of the alcohol-blood pressure dose-response curve may be largely caused by very recent lessening of alcohol intake among the very heaviest drinkers. Persons who reported daily intake of nine or more drinks also reported substantially higher variability than persons with lower alcohol intake. These data also suggest that elevated blood pressure regresses rapidly (within several days) upon reduction of drinking. These findings are compatible with the intervention study of Potter and Beevers,9 who found an apparent pressor effect of four pints of beer daily in 2 to 4 days and regression of this effect within a similar period. The data in this study show that reported past drinking has no relationship to blood pressure in current abstainers. In all race-sex subgroups, former drinkers had blood pressure similar to that of lifelong abstainers. Among white men, this was true even among those who reported past intake of three or more drinks for a year, an amount of drinking clearly associated with higher blood pressure among current drinkers.
Studies with relevant data3 21 2'`4 26-8 have all been consistent with partial or total reversibility of alcoholassociated hypertension. The importance of this apparent regression of alcohol-associated high blood pressure is obvious for practitioners who advise hypertensive patients ingesting substantial amounts of alcohol. These data provide compelling evidence for a trial of reduction of alcohol intake in hypertensive persons who drink daily.
The slightly higher blood pressure of those who prefer liquor and the lower blood pressure of those preferring wine and beer are possibly related to the amount of ethanol per drink. Although this assumption of a causal relationship is the simplest explanation, other possibilities exist. Preference for a beverage type probably has dietary and other lifestyle correlates that might be related to blood pressure. Taking an alcoholic beverage with food (presumably the habit of many who prefer wine and beer) might tend to blunt the fluctuations of alcohol level in the blood, and this might lessen a possible effect on blood pressure. Yet another factor could be the nutrient content of the various types of beverages. The substantial potassium content of wine, for example, might modulate a possible blood pressure effect. In any case, the small variations associated with beverage preference may be of little biological importance.
The Lipid Research Clinics Prevalence Study'5 found an independent association of both beer and liquor. Studies of populations consuming mainly one beverage type have demonstrated an alcohol-blood pressure relationship for use of beer,22 23 We shall comment selectively and only briefly on the other factors studied. The strong consistent relationship of age and adiposity to blood pressure is well known. The data suggest that use of tobacco, coffee, and tea are not associated with elevated blood pressure. The hint of a slight inverse relationship of smoking to blood pressure has been reported by others.28 3 The tendency we observed for slightly lower blood pressure associated with coffee use is compatible with some previous data, 34 but another recent study35 showed a slightly positive relationship. The increase in blood pressure associated with short-term administration of caffeine36 3 does not appear to translate into sustained blood pressure increases. Alternatively, any caffeine-associated effect on blood pressure may be counterbalanced by some other lifestyle trait of coffee drinkers that has a reducing effect on blood pressure.
A positive relationship of total serum calcium to blood pressure has been reported previously,38X0 but the subject is complicated by reports of an inverse blood pressure relationship to both serum ionized calcium4`42 and calcium intake. 43 The ionized calcium level among hypertensive patients is related to renin plasma levels,42 but the applicability of this finding to normotensive persons is not clear. The progressive relationship of total serum calcium to blood pressure in our data raises the possibility that calcium either is a partial determinant of systolic pressure or is related to such a determinant. The inverse relationship of serum potassium to blood pressure might be a manifestation of mineralocorticoid activity. Mineralocorticoids could produce both an increase in blood pressure and a lowering of serum potassium. Serum potassium may also be related to oral potassium intake, which, in turn, has been described as inversely related to blood pressure.4`6 Finally, serum potassium might be a factor directly or indirectly determining blood pressure.
A number of the traits studied (including calcium and potassium levels and use of coffee or tea) showed a more consistent relationship to systolic pressure than to diastolic pressure. Traditionally, this type of disparity has been thought to represent an effect more on cardiac stroke volume than on peripheral resistance. The concept has also been widely accepted that systol-
